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Abstract of JP1 023721 5 
PROBLEM TO BE SOLVED: To provide a 
method and equipment for effectively 
decomposing a waste plastic and obtaining a 
reusable useful material. SOLUTION: In this 
method, a waste resin is treated with water in 
a supercritical state, containing a reaction 
accelerator such as an acid or base, or heat 
treated in nitrogen in a supercritical state, 
pressurized to a critical pressure or higher, 
thus decomposing the resin into low- 
molecular-weight components. The equipment 
is provided with a cooler 17 for cooling a waste 
resin to make it brittle, a grinding unit 19, a 
mixer 20 for mixing the ground resin with a 
reaction medium, a reaction tank 23 for 
holding a mixed slurry and decomposing the 
resin by the reaction medium kept in a 
supercritical state, a separator for separating 
the reaction medium from the product of 
decomposition of the resin, and a mechanism 
for circulating the separated reaction medium. 
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(54) METHOD OF AND EQUIPMENT FOR DECOMPOSING WASTE RESIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and 
equipment for effectively decomposing a waste plastic 
and obtaining a reusable useful material. 
SOLUTION: In this method, a waste resin is treated with 
water in a supercritical state, containing a reaction 
accelerator such as an acid or base, or heat treated in 
nitrogen in a supercritical state, pressurized to a critical 
pressure or higher, thus decomposing the resin into low- 
molecular-weight components. The equipment is 
provided with a cooler 17 for cooling a waste resin to 
make it brittle, a grinding unit 1 9, a mixer 20 for mixing 
the ground resin with a reaction medium, a reaction tank 
23 for holding a mixed slurry and decomposing the resin 
by the reaction medium kept in a supercritical state, a 
separator for separating the reaction medium from the 
product of decomposition of the resin, and a mechanism 
for circulating the separated reaction medium. 
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CUUHS 



(Cbim(8)] 

(Claim 1] Tho decomposition art of the resin trash characterized by contacting resin tra^ in the 
water of the supercritical con(fitton containing a reaction accelerator, and decomposing into a 
low molecular weight constituent 

(Claim 2} The decomposition art of the resin trash characterized by heating resin trash in the 
inert gas pressurized more than critical pressire. and decomposing into a low molecular weight 
constituent 

[Claim 3] The decomposition art of the resin trash according to claim 2 characterized by adding 
one or more sorts of fluids chosen from water, metharw I RU. a carbon dioxide, and oxygen to 
said inert gas. artd promoting the decomposition reaction of said resin trash to it 
[Clasn 4} The conderisator which cools resin trash to the temperature below the britUe 
temperature, and the crusher which grinds the resin trash cooled by said eortdensator. The mixer 
which mixes the resin trash ground by said crusher, and a reaction medium. The reaction vessel 
to ¥«hich hold the mixture of said resin trash and reaction me(fium. and the decomposition 
reaction of said resin trash is made to perform. The pressurization device which pressurizes the 
reaction mB<fium in said reaction vessel more than cntical pressure, and the heatirtg device in 
which the reaction me(£um in said reaction vessel is heated more than critical temperatia-e. The 
decomposition processor of the resin trash characterized by having the eliminator which 
separates the resin decomposition product generated within said reaction vessel and said 
reaction medum, and the circulator style wNch st^pBes atain the rMction medum separated by 
said eliminator to said mixer. 



[Translation done.] 
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DETAILED DESCRIPTION 

[OetsiJed Description of the Invention] 
[0001] 

[Field of the Invention] With respect to the decomposition art and decomposition processor of 
resin trash, especially this invention carries out decomposition processinc of the trash of 
thermoplastics or thermosetting resin with the fluid of a si4»ereritical cortditioa and relatBS to 
the method of cenerating and collecting reusable useful matter, and its equtpmenL 
(0002) 

[Description of the Prior Art] The incrcvnent also of the amount of the device discarded is being 
enhanced with fast increase of the volume of electronic equipment in recent years. Although it 
reclaims land from the electronic equipment which became unnecessary as dust from the former, 
reservation of the Tvul disposal site for reclamation has stopped catching up with the inc r em e nt 
in the amount of disposal. 

[0003] On the other hand, if their eyes are turned to an adtaiinistrative trend, sequential 
enforcement of recycling bw (law about promotion of recycfing of • resource), amendment 
Wastes Disposal end Public Cleaning Law Qaw about processinc and clearwii of trash}, the 
container packing method etc. is carried out and prevention of e n v i ronme nt al poObtion and 
effective use of a resource ara caDed for in proces^ng of resin trash, such as the cireuit beard 
contained in various electronic equipment and a PET (polyethylene terephthslste) bottle. 
[0004] 

(Probleni(s) to be Solved by the Invention] It aans et offeree the decomposition art and 
decomp os ition processor for obtaining the useful matter which it was made in view of the above- 
mentioned situation, raelamation abandonment is carried out as it b from the former h many 
cases, and this invention can disassemble efHciently the resin trash with wluch the Kmitation of a 
reclamation place lot poses a problam. and can be reused. 
[0005] 

[Means for Solving the Problem] The decomposition art of the resin trash of invention of the 1st 
of this invention contacts resin trash in the water of the supercritieal condition containing a 
reaction accelerator, and b characterized by de c ompo si ng into a low molecular weight 
constituent 

[0006] Moreover, the decomposition art of the rasin trsrii of invention of the 2nd of this 
invention heats resin trash in the inert gas pressurized more than critical pressire. and is 
characterized by decomposing into a low molecular weight constituent 
[0007] Furthermore, the decomposition processor of the resin trash of this invention The 
condensator which cools resin trash to the temperature below the brittle temperature, and the 
crusher wWch grinds the resin trash cooled by said cor)dertsator. The mixer which mixes the 
resan trash cround by said crusher, and a reaction medun. The reaction vessel to which hold the 
mixtu-e of said resin trash and reaction meifium. and the decomposition reaction of said resin 
trash is made to perfonn, The pressiaization device which pressurizes the reaction mecfium in 
said reaction vessel more than critical pressure, and the heating device in which the reaction 
medium in said reaction vessel b heated more than critical temperature. It is characterized by 
having the eliminator which separates the resin decomposition product generated within said 
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increases con be controlled. Moreover. sir>ce [ that the pressure of a medium is high ] the 
consistency is large, it is poss3>le for the collision frequency of a reaction molecule to increase 
and to take a large reaction rate comparatively also at low temperature. Furthermore, in the 
nitrogen of a supercritical condition, since there is no distinction with a liquid cortdition and a 
gaseous state, compared with the time of ordinary pressure, the decomposition reaction of resin 
can be advanced far. and the amount of generation of the light ml which is a low molecular 
weight constituent as • result can be increased. Furthermore, in decomposition processing of 
invention of such «=»** 2. by adding at least one kirtd of fkiid chosen from water, methano 1 RU. 
a carbon dioxide, and oxygen, the decomposition reaction of resin can be promoted to the 
nitrogen of the supercritical condition which is a processing medium, and efftcient processing can 
be performed more to it at low temperature. Moreover, there is an advantage that valuables, 
such as alcohol and aldehydes, can be obtained with Bght oil. as a decomposition product by 
addition of such a fluid. 

[0016] In the decomposition processor of this invention, as it is shown betew, decomposition 
processing of resin trash is performed continuously, and separation recovery of the reusable 
useful component is carried out 

(0017] That is. for resin trash, such as PET. after being cooled by the condensator below at the 
brittle temperature of rosin, particle size is mum by the crusher. After being ground in the shape 
of [ of order ] fine particles, it is mixed with the medium of a decomposition reaction like water 
or a methanol by the mixer. 

(0018] Here, in order to make grinding of rasai easy by embrl ttJ e m e n t in advance of grinding, 
resin is cooled below to the brittle temperature, because plugging of the rasin to a crusher, 
connection, etc. are lost and continuous operation is enabled. Since thera b generally stickiness 
(viscosity) in thermoplastics, such as PET. if it applies to a crusher as it is. without cooling, 
these are avoidable by rasin beeomirtg soft with frictlonal heat and getting it blocked in a 
crusher. eooEng rami and makhg it weak, although thera is a possSriKty that un-arranging. such 
as connection, may arbe. Moreover, it is mum in this way. The resin puhrerized for order b mbed 
with a iquefwd raaetion medkm. and it is made the shape of a slurry for conveying arwl st«plying 
resin continuously in a reaction vessel. 

[0019] Subsequently, the mixture of the shape of an acquired skmy is sent to a decomposition 
reaction tub. Within a reaction vessel the raaetion metSum b heated and pressurized by the 
heating dewce and the prasswization device more than that critical temperature more than 
critical pressu-e, and disassembly of resin tredi is made by the reaction medium of this 
supercritical corKlitien. It b separated by the efiminator with a reaction medium and the reuse of 
the resin decomposition product generated within the reaction vessel is carried out as a useful 
otiject Moreover, a reactnn metium b again returned to a mixer by the circulator style, and a 
reuse b carried out as a reaction medun. 
[0020] 

(Embodbnent of the hventioiO Hereafter, the gestalt of operation of thb invention is expbined 
with reference to a <kawing. 

[0021] Firat the equipment and the approach of removing the pewter on the circuit board and 
collecting resin trash as processing of the precedirtg paragraph which carries out decomposition 
processing with the fluids (water, nitrogerx, etc.) of a supercritical condition, are explained. 
[0022] The sample stage 2 installed in the laser room I as removal of this pewter and a recovery 
system were shown in (Rawing I . Migration of X of the sample stage 2. Y. and a Z direction The 
eontroUable computer system 3. The condenser lens 6 for irradbting the bser emitted from the 
bser light source 4 which emits laser, and the bser light sovce 4 at the pewter on the cireuit 
board 5 installed in the sample stage 2, It has the monitor 8 connected with the electror«c 
supervisory equipment 7 for checking the exposure location of bser. ond this supervisory 
equipment 7. Ar gas atomiser 9 which sprays sr>d supplies Ar gas in the bser room 1. and the 
pewter recbiming tower 10 which adsorbs the pewter contair>ed in Ar gas and collects them. 
[0023] If it furthermore expbins to a detail, the laser room I b a product made h-om sUinless 
steel, bser b trradbted from the side (dewing lefO. the sampb stage 2 is a product made from 
JIERARUMIN. and it is possMe to deal with circuit board 5 sampb to 30cm around. Although 



reaction vessel, and said reaction mediwn. and the droubter style which sivpGes again the 
reaction medun separated by said eGminstor to swd mber. 

[0008] in invention of 1. the water which eenuined the matter which promotes a 
d ec o m p os i t ion raaeti on as a processvig me<ftan. and was mamtaned at the hot and hi^*" 
pressure suvcrcritiesi c o nd i tio n more than critical pressure (22.12MPa) more than critied 
tempersbre IS1A2 depees C) is used 

[0009] Thermosetting resin &e the epoxy resin cor«structed [ the bridge ] for which and 
hardened for exampb with the acid ar^ydride as resin by which de c omposition processing b 
carried out which has an ester bond b mentioned and an acid or a base b mentioned as matter 
(reaction acceterstor) which promotes the decomposition reaction of such resin. EspecbDy. pH It 
is desirable to use the water sokition of the supercritical corwfition held more than critical 
pressure more than the critical temperature of the water with which the water sokition or pH of 
three or bss acid descried ebove the water sokjtbn of the base of or more 1 1 **. bt adAion. 
since corrosive b very higK as for the water (water sokitiorO of the supercritical condition 
containing such an acid or a base, it b desirable to constitute the container of a d e c ompo s ition 
reaction from a viewpoint which protects safety and prevents reaction inMbition with a nickel 
system aOoy with good corrosion resbtarKO IBie Inconel or Hastefloy C. 
[mo] The epoxy resin over which the bridge was constructed with the acid a nhydri d e reacts 
with water, as the ester poup wfuch exists in the root of a bridge formation part shown in the 
foOowing reaction formdas. Moreover, thb hydrolysb reaction b promoted by use of the water 
sokition of on add or a base. 
[0011] 
[Formub 1] 

0 O 

1 I 
R-C-0-R'+ U, + HC-R 

(joneraOy, a buOtang agent is scoured by heat-curing resin like an epoxy resin, and this bulktng 
agent decreases the touch area of rent and water, and reduces the permeability of the water to 
resin. Moreover, since the compstaMTity of the macromolecule part and water molecule which 
consist of a chain b km, it b dHfioA for a water mobcule to arrive at an ester group. 
[0012] kt this invention, since water b in the supercritical car>d>tion more than critical pressure 
more than the critical temper atu re, the ebove-mentioned hydrolysb reaction is promoted That 
is. although water b not mixed with a norr-polar oil by orifinsry temperature ordinary pressure, in 
the state of supercritical with the description of both a liquid and a gas, the sokibaity of water 
improves remarkably, and usual shows the Ngh solubiiity which b not obtained Similarly in the 
state of supercritical the fk>od nature to the macromolecule part which consists of a chm also 
improves, a water molecule b enabled to contact by part for an esteratic Ao. and a hydrolyns 
reaction b promoted 

[0013] fr) invention of *•** 2. the inert gas pressurized more than critical pressve b used as a 
processing medwm, and it b decomposed into h>w-mobcubr by heat-treating resin trash in the 
ir>ert gas ambient atmosphere of a supercritical concfition. As inert gas, it is desirable to use it 
mentioning the safety to the body and nitrogen since it is cheap, and pressurizing more than tiie 
critical pressure (3.39MPa). 

[0014] Although resin decomposes ar>d depolymerize b canied out if only temperaUre is raised 
by or<£nary pressure, until a decomposition reaction will ger>erslly be in a steady condition at the 
temperature of about 400 degrees C in heating of thermopbstics. such as polyethylene (PE) and 
polypropylene (PP) It takes S - 10 hoiFS, and very bng tvne amount At 450 degrees C. it b in 
30 minutes - I hour, and 500 depve C. Although the time amount which a decomposition 
reaction takes by raising whenever [ about 5-minute and stovirtg temperature ] b shortened 
sharply, at 500 degree C, gasification and cart>oruzation of resin will advartce and the amount of 
generation of the Tight oil which b a useful component will faV. 

[001 5] On the other har>d, in the thermal decomposition in the nitrogen of a supercritical 
condition, the generation (gasification) reaction of the gas of the <firection where a pressure 
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laser is introduced in the laser room I tivough a condenser lens 6 from the laser light source 4. 
it has the safety device so that an exposure may not be performed, uatil the protectiorHrom- 
light door 1 1 is completely dosed in the case of bser ratfiation. Moreover, the discharge rwzzle 

1 2 and the suction operung 1 3 of Ar gas are prepared in the both-sides skle of the laser room 1 . 
respectively, a dbcharge nozzle 12b corwiected to Ar gas atomiser 9, and the suction opening 

1 3 is connected to the pewter recbiming tower 1 0. respectively. The image of the circuit board S 
by electronic supervisory equipment 7 can be used as the expartsion image to 200 times, m order 
to be protected on a monitor 8. and for the cross-joint mark on a monitor image to serve as a 
laser ra<fiation location and to irradbte laser still more correctly. An YAG bser. ruby bser. etc. 
can be used for the bser emitted from the bser light source 4 that what is necessary is just the 
laser in which a melting pewter has the output which can be spouted at Ngh speed that it can 
fuse because a pewter absorbs the energy. Moreover, as for oscilbtion mode, it b desirsbb to 
acquire the high bser pulse of a peak power with time amount width of face narrow as much as 
possible, and a 0 switch pulse, a gbnt pulse, its muiti-spS(e. etc. are specifically good, making it 
the rate of flow to which the spray velocity of Ar gas is (used by laser radation, and the pewter 
which became an ultrafne partide and Wew off is efficiently incorporated by Ar gas. ar>d 
installation to the pewter recbiming tower 10 is carried out smoothly — desirable — dedrable - 
- It aifiusts to 2 - 5 Wain extent In the gas kiduction of the pewter recbiming tower 10. an 
aperture so that the uttrafine partide of the attracted pewter may not ^perie 0.1 to 1 
micrometer The filter 14 of the siKca fiber filter paper which is extent b arranged at three layers, 
also in front of the air valve 15 further installed in the upper part of the pewter reelaimkig tower 
10. a filter 14 b arranged and emisswn into the atmo sp he r i c air of a pewter is prevented 
[0024] h this equipment although a pewter w9l ^orb and frtse the energy of bser and a 
melting pewter will be spouted at high speed if cSrect bser is inradbted at the pewter on the 
dredt board 5. it quenches an qjection and it serves as an ultreTine particle. Pewtere ara 
coUeeted by mdntwning the inside of the bser room 1 at Ar gas ambient atmosphere 
befordiand spraying Ar gas futher, incorporating the uitrafine partide of a pewter, and carrying 
out suction irtstaOation as it b in the pewter recbiming tower 10. Thus, by removing and 
collecting all the pewtera on the circwt board S. it becomes possible to remove the mounting 
components on the drctat board 5 easily effidently. 

[0OiS\ In tlus way. decompodtion processir« b made to thermosetting resin, such as an epoxy 
resin which constitutes the cirant board by which the pewter was removed and mounting 
components were removed or common thermopbstics trash Bm PE. PP, and PET vrith the fluid 
(for example, inert gas. such as an add or a water solution of a base, a methand. arMi nitrogen) 
of a supercriticd condftiorL 

[0026] As a decompo s ition processor, the continuous processor shown below, for exampb is 
used 

[0027] Namely, the rough blender 16 for this equ^ment to arrange magnitude mostly and break 
resin trash coaraely. as shown in drawmg 2 . The puhwrizing machine 19 which consists of the 
codirtg section 1 7 and the grindng section 1 8 by liquid nitrogerv The mixer 20 whbh mixes the 
pulverized resin trash and a reaction medurrt. and the compressor 2 1 which sertds in the mixed 
skvryHike mixtire. The reaction vessel 23 equipped with the heater 22. aryl the nitrogen 
chemical cylir>der 24 which introduces the nitrogen gas which pressurized the reaction vessel 23, 
Vapor-liquid-separation machine 2Sa which separates generation gas and a Ik^efied otyect and 
ofly or oil separator 25b which seperates sdid-stste-i3ie a resin decomposition product and a 
reaction medum. It has the sdkHiquid- separation machirte 27 which separates the pump 26 
which supplies the separated reaction medium to a mixer 20 again, and a liquefied component 
and a solkl-state-l3ie component In addition, a sign 28 shows a heat exchanger. 
[0028] Accorditg to this equipment resin trash is pulverized by the particle size of mwn order in 
the grinding section 18. after being first breken coarsely by the rough bteiMier 16, and being 
cooled by liquid nitrogen in the cooling section 1 7 below at a brittle temperaUf e. Subsequently, 
after the resin trash of the shape of acquired fine partides is mixed by a reaction medwm and 
homogeneity, such as water and a methartd. with a mixer 20. sbny-like mixture is continuously 
thrown in in a reaction vessd 23 by the compressor 21. When the reaction medwm in a reaction 
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vessel 23 is heated at ■ heater 22 by the teinperature more than critical tetnpentture and it is 
pressurized by installatian of the nitrocen front the nitrocen chanucal cylinder 24 more than 
critical pressire. it wB be in e supercrftieal condtion and de eo inpo ai lion proeesnnt reset wB 
be made by the reaction metSum of tMs st«ereriticd oontftion. And oil separator 25b separates 
into the resin decomposition product end reaction medium of the shape of oily or e soGd-state. 
and the excretions from a reaction vessel 23 are further separated eito a seBd-BtateH3ia 



it is separated by vap or-Bquid-separetion machine 258. The Gquefied c o mpone n t wWeh 
is the deeompositjon product of resin is reusable as valuables. Moreover, it circulates throufh 
the reaction mediini separated by the oil separator 25 with a pump 25. it b sent hto a mixer 20. 
and use is aiain presented with it 
[0029] 

[Exvnplo] The concrete example of this invention is explained h eddticn. the example shown 
below shows the example which materialized this invention, end this invention b net Bmited to an 
example. Fnt. as processmc of the jtncedSng paracreph which carries out deeompestion 
processint of the rv»n trash with the fluid of a supercritical condition, below, es the pewter on 
the circuit bosrd was shown below, they were removed and coOected. 
[0030] Namely, abbrevbtion With a 80g pewter Removal of a pewter and recovery were 
perfomted u»ns the equipment with which the components of 120-piece remainder were 
mowrted end which is shown in drewin it < in the circuit board of 20cm lone and the product made 
of a 25cm wide class epoxy resin. After ca/ryini this circuit bosrd 5 on the sample staKe 2 in the 
bser room I. Ar gas cfischarge nozzle 12 wss opened end Ar gas was introduced in the laser 
room 1 by the rate of flow of 21. / man from Ar gas atomiser 9. Then, Ar gas suction openinc 13 
b abo opened and it is sbbrevisUon in thb condition. Neglect for 1 hov fuOy fflled the laser room 
1 with Ar gas. The cmage of the circuit board photoed ivith electronic supervisory equipment 7 
was checked by the monitor 8. artd the exposire location erKl the order of an exposure of laser 
were determined. 

[0031] Subsequently, they are the oscillation frequency of 1000Hz. (xjtput OOt&J. and pulse 
half-value width shutting the protection-from-Gght door 1 1 sr>d using oscBlation mode as a O 
svritch supersonic-wave light modulation method by using the laser light source 4 into 
continuous escalation YAG (wavelength: 1.06 micrometers). For 1 tOns. laser of 0.15 MW of peak 
powers was perfonned to the pewter on the circuit board 5. ar>d it irradiated sequentially from 
the front-fece side first The pewter used for component mounting is abbreviation in the front 
face of the circuit board 5. A thing with a die length of 5mm Since it had stood in a line at 
intervals of 1mm. the image on a morvtor 6 was used as the SO tcmes as many expension image 
as this, and it carried out so that laser might not be irradiated by the resin byer of the circuit 
board 5. By the exposure to such a pewter, it is die lertgth. A Smm pewter is fused The time 
amount for about 2 seconds was required. After removir« all sirface pewters, when the circuit 
board 5 was token out from the laser room 1 8r>d observed there was nothing.' and melting ar»d 
the aspect which blew off were seen and, as for the damage on a resin byer. only a pewter was 
hardly able to check a pewter on the circuit board 5. 

[003^ Although there were also components which separate end fall from the circuit board by 
removal of such a pewter, sir>ce almost aU components were soldered by the rear-face side of 
the circuit board through the through hole, they irradiated bser to the pewter by the side of the 
rear face of the crcuit board next. In a rear face, it b <fiameter abbrevbtion. A 1mm pewter lump 
SirKe it had stood in a line at intervals of I. Smm, bser was irracfiated as a 50 times as many 
expansion image as this like the front-^ace side. Per pewter lump When bser was irradiated for I 
second, after it fused the pewter and it blew off. they were collected in the pewter recbiming 
tower 10. Since the components on the circuit board separated in it end coincidence one after 
another and feD to them, the exposure of bser was suspended when all components separated It 
was 73.5 g when the quantum of the pewter which removes the filter 14 arranged to Ar gas 
induction of the pewter reclaiming tower 10 and by which it was adsotbed was carried out. 
Moreover, the pewter by which the filter 14 arranged in front of an air valve 15 was adsorbed 
vns below limit of detection. 



(0033) Moreover, the source of b 
drcwt board was processed stmiariy. and the amount 
measvement result b shown Table I. TNs result 
(abbrevbtion SOg) having been r em ov ed and having 

tower. 
[0034] 



were changed as shown in Table I. the 
of recovery of a pewter was musured A 



been collected in the pewter recbMng 





Ml 




M3 


114 


US 
















01/ ff 










ttfi Us) 


1.W 


OlB 


o.ra 


Loe 


L06 


JUQttttQb} 


1000 


ai 


ai 


10 


10 




LOIS 




ai 


aT5 


as 




no 


UQO 


so 


zgoo 


M 




lis 


aoi 


t 


tu 


a 




7I» 








81.0 



Next, the acid of a supereritied eondtion or the water solution of a base peifomied 
deconvosition processing to the waste ^cuit board after the pewter was removed in this way 
and mounting components were removed 

[0035] trash of the epoxy resin which constitutes the exanvie I circuit board after crushing to 
about 1mm granutarity — the — As shown in drawing 3 . lOg It put irrto the reactkjn container 
29 with a volume of 50 cc farmed by Hastelloy C, and after pouring out 20 ce of I more-N 
ntrie-acid solutions and covering, it had heater hbjime 30 and put in into the sand bath 32 
constituted so that it might ect as the monitor of whenever [ stoving temperature ] with a 
thermometer 31. In ad<fition. the reaction container 29 is connected with the nitrogen chemical 
cyfindcr 33, and nitrogen gas is suppfied until the pressure in the reaction contairter 29 reaches a 
desired pressure at a room te m perature. Moreover, the sir in the reaction contavter 29 is 
beforehand extracted with a vacuun punp 34, and b permuted by rvitrogen gas. The sign 35 
shovn the pressure gage among drawing. 

[0036] In this way, nitiic-aeid solution in the reaction container 29 It maintabned at 380 degrees 
C and the supercriticai condition of 25MPa. eiKl was made to react for 30 nwKites. moreover, 
what crushed the epoxy resin I3w» the example I for the comparison b put iito the reaction 
container 29 with water — 25MPa and temperature It was made to react for 30 minutes at 380 
dep-ees C. Subsequently, the product obtained in the reaction container in the example 1 and 
ti>e example 1 of a companson. respectively wss divided into the resickial resin whi<^ is a gas 
component end oil-like a decomposition product (decomposition oil) and a solid, respectively, the 
weight of each con^onent was measured end it esked for yiekL A result is shown in Table 2. 
[0037] 
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the example 1 which canied out decomposition processing of epoxy resin trash Gke the waste 
circuit board with the nitric-acid solution of a supercritical eondUon so that clearly firom the 
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result of Table 2 — resin — although black-ization was looked et by reaction mixture in the 
example 1 of a comparison although the whole quantity almost decomposed and the oBy 
decon^sition product was acquired with 9Swt% high yield, and some weight reduction was 
looked at by resin, most was still un-decomposing. Moreover, the same reaction container is 
used and it is such a decomposition processing experiment Although continued for one montK 
corrosion or degradation were not looked at at all by the reaction contairw. 
[0038} Decomposition processing of epoxy resin trash was performed ilka the example 1 except 
having used the water solution of the acid which replaces with an Examples [ 2-51 N ] nitric-acid 
sokrtion, and is shown in Table 3. or a base (temperature 380 degrees C. pressure 2SMPa}. 
Subsequently, the product obtained in the reaction corrtainer was dvided into the residual resin 
which is a gas component a decomposition oil. and a solid respectively, tfie weight of eadt 
matter was measured, and K asked for yield A result is shown in Table 3. 
[0039] 





$mff2 


«lt1l>l3 


iaBfi4 






vm 
a SI) 


(LW) 


(I. OS) 


ttkfiin 

(1-030 


6 

(«tS) 




3 


a 


s 


I 




92 


TO 


85 


65 




S 1 2T 


10 


34 



In the exampler. 2-5 which carried out decomposition processing of the epoxy resin trash with 
the acid of a supercritical condition, or the water solution of 8 t>ase, the great portion of resin 
decorrxiosed and the oily decomposition product was acquired with high yield so that clearly from 
the result of Table 3. As a reaction medium, the cracking severity of the water solution of an 
acid was more expensive than the base, and the cracking severity of the nitrio acid was more 
expensive than the hydrochloric acid in the water solution of an add. Moreover, about the base, 
the cracking severity of the potassium-hydroxide water solution was more expensive than the 
sodium-hyckoxide water sokition. 

[0040] Next the concrete example which carried out decomposition processing of the trash of 
thermopbstics. such as PP and PE. in the nitrogen of a si4)ercritieal condition is expbined 
[0041] trash of resin, such as example 6PP and PE after crushing to about lom granularity — 
the ~ lOg was put into the reaction contairwr and it put in into the sand bath constituted so 
that it covered and might have a heater I end might act as the monitor of whenever [ stovirtg 
temperatixe ] with a thermometer. In ad<fition. the reaction conUiner b connected with the 
rutrogen chemical cylinder, and nitrogen gas is supplied until the pressure in a reaction container 
reaches a desired pressure at a room temperature. Moreover, the air in a reaction eonuiner is 
beforehand extracted with a vacuum pump, and b permuted by nitrogen gas. 
[0042] In this way. the critical pressure (3.39MPa} » exceeded 'm a reaction oonUiner. While 
supplying the nitrogen which pressurized lOMPa. it b the insldo of a reaction container. It heated 
at 450 depees C and resin trash was made to react lor 30 nmutes by the nitrogen-gas> 
atmosphere mind of such a supercritical eonditioa M o r e over, the rough debris of rewi, such as 
PP and PE. was put into the reection conuiner. and it was made to react for 30 minutes by 
or^ry pressure and the nitrogen-gas-atmosphere mind of 450 deree C for a comparison. 
Subsequently, the product obtained in the reaction conteiner in the example 8 and the example 2 
of a comparison, respectively was divided into a gas component light oO, heavy oil and the 
resdual resin (carbide) that is a solid respeetivety. and the weight of each matter was measured. 
A measirement result b shown in Table 4. 
[0043] 
[Tabb 4) 
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In the exampb 6 wiMch carried out decomposition processing of the resin trash, such as PC. by 
the nitrogen-gas-atmosphere mind of a supercritical conation, there b little generating of a gas 
component and the yield (yield) of useful light oH has increased so that clearly from the result of 
Table 4. On the other hand, there is much resin (solid) which there is not only much generating 
of a gas comportent but remained with ur»-decomposing in the exampb 2 of a comparison 
processed by the ratrogen-gas-atmosphere mind of ordinary pressure, and the ybid of light oil is 
low. 

[(NM4] As mstter wMch promotes seven to exampb 1 1 reaction, water, methano I RU. a carbon 
(fioxide. and oxygen were chosen, respectively, and these fluids were added at a rate shown in 
Table 5. respectively to the nib^ogen gas which is a processng medkim (in addition in the 
example 1 1. it considered only as the nitrognn gas wtiidi b a processing mediwn.). And nitrogBn 
gas containing these fhiids 350 degrees C and lOMPa were heated artd pressuri»d and it was 
made to react to them for 30 minutes in this ambient atmosphere. 
[0045] Subsequently, tfie product obteined in the exampbs 7-tt was iSvided into a gas 
component light oil. heavy oil, end the residual resin (carbide) that b a solid, respectively, and 
the weight of each matter was measured A measurement result is shown in Table 5. 
[0046] 
[Tabb 5] 
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By adcfing the fknd wtuch promotes a reaction to the nitrogen of a supercritical condition, 
disassembly of the resin in low temperature was attained more, and cracking severity improved 
so that clearly from the result of Table 5. Moreover, when component ar^alysis of the obtained oil 
is also performed about an example 10. in addition to the hydrocarbon component which b the 
pyrolysate of resin, a useful component called an aldehyde and alcohols It turned out that it is 
contained 2.5 percent 

[0047] ContirHMus decomposition processing of resin trash was performed by using the water of 
a stJpercritical condition fts a reaction medium using the processor shown in example 12 drawing 

2 . 

[0048] Rrst after permuting by introducing nitrogen gas from the nitrogen chemical cylinder 24 
in a reaction vessel 23 and predetermirted piping, the trash of the PET bottle for soft drinks 
which removed the cap section was fed into the rau|h blender 16. And it b a weight ratio about 
the mixing ratio of the resin trash and water in a mixer 20. Wh3e being referred to as 6:5. it is 
alMut the temperature and the pressure in a reaction vessel 23 more than the critical 
temperature of water, end critical pressure, it MS set as 400 degrees C and 40MPa, and 
decomposed by making resin trash pib up for 10 minutes in a reaction vessel 23. 
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[0049] After vapor-fiquk^-teparation machirw 25» tcparalod the (as component, ofl teparater 
2Sb separtted oily, or the soCd-stste-&e matter and the wrater which is a reaction me^un. and 
the so6d-Gquid-«eparation machlno 27 separated the soGd-state'Qte component (residusi resin) 
end the Equefied decomposition product from the deco m position product cfischarsed from the 
reaction vessel 23 further. 

[0050] Subsequently, the if* chromstography artalyzed the product An analysts result is shown 
below. 



*'j:*T- IJhrtX 
«nU> (PET) ftt 



constituents can be st<ipress«d and usefU G(ht ol can be obtained wHh ht|h yield Fivthermare. 
into Uie inert gas of a supercritical condition, by adcfrig the fluid which promotes the reaction 
chosen from water, metharto 1 RU, a carbon (Sonde, and oxyKcn. decompositien processing at 
low temperature is attuned more, artd. in addtion. generation recovery of the valuables, such as 
alcohol and aldehydes, can be carried out 

[0058] Furthermore, since acfwrding to the decompositjon processor of this nvention 
de co mpos it ion processing of the resin trash can be continuously carried out with the fksd of a 
supercriticsi concfiUon and also the configuration of equipnient is sinp&fied, heating from a room 
temperature can sanpGfy equipment cost rwning cost operating procedure, etc. compared with 
the cracking unit of the requred batch type for every time. 



tTranslation donej 



This analysis result showed that the trash of PET was completely decomposed by the water of a 
supercritical conditton. and the dicarboxylic acid which is a reaction component was eoOected 
with high yield. Moreover, although this equipment performed continuous running for one montK 
1 time does not have that the pi^erizing machine 19 and a compressor 21 stop by plugvng of 
resin etc either, and it worked fiBvorably. 

[0052] Continuation decomposition processing of PET bottle trash was performed by using the 
methanol of a supercritical condition as a reaction me<Sum using the processor shewn h example 
13 ^awmgj. 

[0053] Mixing ratio of the resin trash and the methanol in a mixer 20 (weight ratio) Wh3e being 
referred to as 5:5. it is about the temperatire and the pressire in a reaction vessel 23 more 
than the critical temperature of • methanol, and critical pressure. Set it as 300 de^et C and 
6MPa. resin trash was made U> pile up for 20 minutes in a reaction vtS99\ 23. and d ecomposfeien 
processing was carried out 

[0054] From the decomposition product discharged from the reaction vessel 23, like the example 
12. each [ oily or / which was separated after separating the solid~stateH9te matter and the 
methanol which is a reaction meditjm and separating a solid-state-'like comportent (residual 
resin) and a liquefied deeomp o iition product further ] component was an^zed. and it aritad for 
yield. An analysis result is shewn belew. 
[0055] 

*y:fT- OflX 

mmm (pet) 



This analysis result showed that the trash of PET was completely decomposed by the methanol 
of a supercritical condition, and the dicartwxyiic acid ar>d the glycols which are a reusable useful 
component were collected with almost high yield. Moreover, although continuous running waa 
performed for one month. 1 time does net have a halt of the pulverizing machine 19 by plugging 
of resin etc. or a compressor 21. either, and it worited favorably. 
[0056] 

[Effect of the hvention] According to invention of **** 1. by processing the trash of 
thermosetting resin like the epoxy resin wHch constitutes the circuit board by the supercriticsi 
utderwater by which the acid or the base was added, it can decompose into a low molecular 
weight constituent and the decomposition product of the shape of a reusable oil can be acquired 
with high yield so that clearly from the above explanation. 

[0057] Moreover, according to invention of **** 2. by using inert gas like [ it is cheap and ] the 
nitrogen which does not have danger in the body, and making a thennal deoomposition reaction 
perform in the inert gas ambient atmosphere of a supercritical eoncfition, generating of gas 
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* NOTICES • 

JPO mi NCIPI vt not retpomibls for any 
daaiKBs oustd by ths um of this trtialitioa 

I.Thb document has be«n translated by comfmter. So tfie transiation may not reflect the oripnal 
precisely. 

Z**** shows the word whidi can not be transbtad. 
3Ji the drawincs. any nwrds are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings} 

(Orawmg J] Drawing showing the outline of equipment of removing and collecting the pewters on 
the circuit board as pretreatment in decomposttion processing of this inventioa 
[Drawing 2] Drawing showing roughly one example of the continuation decomposttion processor 
of the rosin trash of this inventioa 

[DniwinK 3] Drawing showirtg roughly one example of the decompostion art of the resin trash of 

this invention. 

[Description of Notations] 

17 ..... The coding section by liquid nitrogen 

19 Pulverizng machine 

20 Mixer 

21 Compressor 

23 Reaction vessel 

24 33 Nitrogen chemical cylinder 

29 Reaction container 

32 .... Sand bath 
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